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THE BACTERIOLOGICAL METABOLISM OF GLYCEROL AND ITS DERIVATIVES
| E, Bonetti § M, Aloisi

Accademia Lincei (Roma), Sci, Fis, Mat, and Nat., Vol II, 1947
r " (pages 701-706)

I. There is no point in entcring upon a lengthy exposition of the
history of glycerol in bacteriology. Ever since the very earliest studies,
this trivalent alcnhol has been uscd in preparing cultures; its flexibility
has rendered it invaluable both in its destructive phase and in bacterial
synthesis, The enormous literature on glycerol indicates i*ts almost uni-
versal utilization by both pathogenic and non-pathogenic bacteria, as well
as by the sugar moulds and other fungi.

The data on the phosphoric esters of glycerol, on the other hand,
are rathér scant: Quastel and Woudbridge (1927, I and I1), studied the
anaerobe reduction of methylene blue by E, coli in the presence of very
numerous substrata which included glycerol, its alpha and beta phosphates,
and ethylenic glycol, Under their cxperimental conditions, the alpha phos-
rhate is the most active source of hydrogen; the bgta phosphate is less
active, vhile the non-estexized glycerol is the least active, if not
totally inactive source., The de-hydrogenating capacity of E, coli upon
the alpha phosphate of glycerol is markedly greater under non-optimal con-

ditions of temperature and pH, and in conjunction with cer¥tain inhibitors.

According to this data, glycol can be a good source of hydrogen st the .
optimal temperature of 376C,

In 1935, Tikka, working with E, coli, found that glycerol and its

alpha phosphate yielded ethyl alcchol, formic'acid, COy and Hy, This did -

not occur with the beta phosphate.

In 1938, Wood, Wiggert and Werkmann studied the selective capacity -
of Propionibactexiun tosaceun in utilizing glycerol and its phosphoric - -
alpha ester, In Iyzf,aﬁnsiel and Webley, working with propionic acid . . :
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bacteria, noted that glycerol is more readily utilized than its alpha phos-

phate, and that, in any :ase, the consumption of 0, rises in the presence
~ of Thyamin,

The very recent research (1946) conducted by Tosic with an Aceto-

bacter shows that this gemm can oxidize glycerol at a very great rate, put
cannot affect either the alpha or beta esters, :

Data on the other glycerol derivatives are extremely sparse. We
shall have something to say about them in the body of this essay,

In an oarlier paper, (1946) we reported the varying capacity of
several germs to utilize glycerol and its alpha and beta phosphates in
- aerobiosis, This preliminary research shows that almost all the gemms we
used (both then and during the rescarch that is the subject of this paper)
oxidized glycerol and its alpha phosphate fairly well, but that, under our
experimental conditions (the resting phase, pH 7.4, 382C) they had very
fittle effect on the beta phosphatc of glycerol,

0., consumption in the presence of glycerol is twice that utilized
in oxidation of the alpha phosphate, which may well lead us to conclude
. that for every quantity of 0, the same quantity of substratum is consumed,
 keeping in mind the fact that only one of the synthetic alpha phosphates
of glycerol (which also proves tc be levogyrous) is biologically activated
as occurs in animal tissues, (Cfr, Clliott, 1941), It should also be
remembercd that our research was conducted in the presence of buffering
phosphates, and that therefore thc jlycerine oxidation might quite likely
occur after phosphorilization, or, in other words, via a transition through
~a biologically active alpha phosphate of glycerol, o
‘ N % |
1horoforu7*thio~i§:cnsivo,xescarch showed that in<any-case, oxidation
of the glycerol molecule, phosphatized or not, could occur only in the
presence of two alcoholic functions. Fer-that-masser, gdata already avail-
able in the literatur ;fﬁdicated that when only one hydroxide is present,
for example in the propane molecule, if it is a primary hydroxide, it can
be oxidized by several species of bacteria, forming propionic acid, But,
in the case of a secondary hyrdoxide (isocpropyl alcohol), only a few species
- can successfully attack it, and they are usually the acetobacter group , ,
Mmr' LQ‘O) ) ‘y d ’S/C.' .w?,;i Vs Obd Vit CXRP ,f‘?‘;,._,ufx-, "".::l.:'_-J
.. .. Furthermore, before beginning this project, we wanted to find out
Zswhether, under que experimental conditions (with the germs in the resting
'phase), there were similar behavior in.the presence of the monovalent
"alcohols of propane (propyl and isopropyl) on the part of germs such as
:Ei_coli, Ps. aeruginosa, &nd B, vulgare (X 19)s7 ¢ .- = =
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TABLELE I

Propyl Isopropyl Glycerol  Alph
Specics of alco?gl alcohol nglN lgfﬁgg?z:g::te
bacteri . N
acteria QOZ Qoz/ Qoz/n ‘
u' COIi. . v . 30.9 .- 846 444
Ps, aeruginosa, . 829 - 690 227

B. vulgare, . . . 171 - 694 497

The experimcntal conditions wcre the same as those we describe for
the tests on glycerol and its derivatives, The results, as shown on
Table 1, chow that monovalent alcohol with 3 carbon atoms was attacked
only if the alcohol group is a primary one, But obviously, as shown in
our earlier report, this ability to attack the primary alcohol group is
lost in the transition to trivalent alcohols such as glyceroi or its estere
ized product retaining two primary alcohol groups at the ends of the chain
(beta phosphates of glycerol), or thc product of added acetone (acetone- .
glycerine) which leaves only a singlc primary alcohol group free. '

In our extension of this rcscurch, we were attempting to see whether
other monoderivatives of glycercl wculd behave in the same way as the alphs -
and beta phosphates of glycerol, what it amounted to was a check as to i
whether the presence of two kindred oils was sufficient for oxidetion, or "
if the prosence of the phosphorus radical was also required,

II. THE EXPERIMENTAL PORTION - For this purpose, we prepared the
alpha and beta methyl ethers of glycerol in the pure form, according to a
combination of the various existing procedures (Cfr, Alois! and Bonetti,
1947). As a control, we also chosc other substratum substances like
ethylic glycol, with two simple kindred oils, the methyl ‘ether cf glycol
(a single hydroxide), and acetone glycorine (a single free hydroxide). We .-
prepared the methylic ether of ethyl glycol according to the procedure outs. "
lined by Cretcher and Pittinger (1947), passing through- the ethylens chlore

' hydrine stage, and the acetone-glycerine according to Fischer and Pfihler ' '

(1920), Both the methylic ethers and the phosphoric esters of glycerol, °.
like the glycol correspondents, were tested*lgg@n;;Atpp‘§(04”rbactﬁgpfg§9x; T
check their purity, .:The nlphh-phosphat0;o£,glycyrgigéoﬁta;nﬁdplat“cfjpgfgf;,:_mgf
alpha isomers ;. - "o lic o EE T
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Bacterial species examined:

Bact, paradysenteriae (Flcxner), Bact, vulgare (X 19), Diplococcus
pneumonize, Eberthella typhosa, Escherichia coli, Pseudomonaa aeruginosa,

Serratia marescens, Staph. albus, Acectobacter x linium (Brown, Bergey
et al.s, Acetobacter sp. (Ig

(1) The strains of Acetobacter were kindly supplied by
Professor C. Arnaudi, Director of the Institute of Agrarian
Microbiology of the University of Milan, to whom we wish to
express our heartfelt thanks,

Except for‘these last two species, we also checked the phase to

-~ which the strains belonged: all were predominately in the S phase for,

tripaflavin agglutination and according to the morphological

characteristics of the colonies.

The germs were cultivated on plates of common agar at 372¢C for
18 to 24 hours; Acetobacter xylinium (B.B.) was grown in malt agar,

and the Acetobacter sp. in wine agar for 36 to 48 hours at.259C. The

bacterial placque was washed twice in physiological solution, in which
there was a final suspension at a concentration corresponding to about

0.25mg of nitrogen per cc (Kjeldahl repeated several times).

The tests were performed in Warburg respirometers over periods of
2 to & hours, with phosphate buffering at pH 7.4, under the conditions out-

1lined gbove, which provided a8 resting-phase metabolic rate for the germs
tested.

"

In order to evaluate the significance of the differences between
basal respiration and that in the presence of substrata, we tried to
establish, within a certain range of error, inhexent in the experimental
conditions adopted, We achieved this by recording the basal variations
in Qo for the same ouspension of germs, in groups of eleven tests for

each germ. Values corresponding to a variation.of 3 of, vhich includes
99% of the possible crror, are shown in the folldwing tdhle which_aummarizes
our reaults.,':.. L
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4 {1, COMMENT, - In evaluatin; the data
) . ’ H . reported here, we consider
tile most significant to be thosc centained in the Qq,/N values greater

than 3 ., First of all, these recsults confim and extend the conclusions
of our earlier reports, which indicated that in most of the speties examined,
there 13 a very marked consumption of glycerol and its alpha phosphate by 1
oxidation, The highest readings were noted in Bact, paradysenteriae, Bact, -
vulgars, E, t¥2hosnl E, coli, Ps, acruginosa and Serratia marcesens, 1hese
oxperiments also prove at In almost every case tne consumption of 02 in
the prescnce of unesterized glycerol is greater than that occasioned by
alpha phosphate glycerol.

i

The beta phosphate of glyccrol consistently showed an oxidation raio
markedly inferior to that of the alpha isomer, in some cases coinciding with .
.the maximum allowsble error deviation. '

Interesting by comparison with the data gathered on the phosphoric
esters of glycerol are those relating to the QOZIN‘raadings on the two

' methylic ether isomers of the same alcohol. In general, we found low values,
- although by no means insignificant, They were almost always higher with f
the alpha methyl.ether than with the corresponding beta isomer, thus provid-
. ing confirmation, albeit on a very small scale, of the importancs of the

) . presence of the two kindred hydruxyls if these molecules are to be subject
; - 'to germ attack by oxIdation. ’

The major point to be stressed here, however, is that in conjunction
with the high consumption rate of 07 noted in the presence of the alpha

- ester of glycerol, there is a very iow, or sometimes nil utilization of the
. alpha ether. This goes to show that while the consumption of the glycerol .
" ‘molecule is affected by the presence of kindred hydroxyls, it is, on the
other hand, not indifferent to the nature of the redical that links one of
', .. the hydrolyls (2), since the methyl radical can never yield the same results
: as ‘those obtained in the presence of the phosphoric radical. N
. ., (2) 1t is true that in this case we had two compounds '
belonging to two different chemical classifications; but
our knowledge of the product of oxidation allows us to
assert that the ester or ether bond has no effect on the
. , ~ type of oxidation that actually occurs, which would, in
. : any case, lead to derivatives of dioxyacetone (Cfr, I,
5 ': . T £ Neuberx)o. -

.
M,

; - ' This 1cnds{us to support the hypothesis that the glycerol mplecule.,_ng
: . under the foregoing conditions, is utilized only after phosphorization. -
i .  This hypothesis is currently being tested in our research activities,

¥
§ o

: In support of these considerations‘wo,cln'ndduco the riqults of our
investigations of other compounds having only free primary hydroxyls:
ethylenic glycol.rnnthylic‘other, of glycol, and acotonesglycerine,

-6-'




LEthylenic glyco! has two kindred hydroxyls, but as you can see, it cannot
bc oxidiied to any perceptible derrce (except by E. coli, which manages to '
utilize it to a minor extent., Apparently, this i5 due to the fact that ‘s
the kinship of the hydroxyls is not completed by phosphorization, and that 1
when the latter does occur, it leads to the loss of the prime condition

for oxidation, Glycol's methyl cther (alpha-cxy, beta-methoxytane) behaves
in a manner similar to that of thc non-etherized compound: it fits into

the interoretative pattern we have cutlined, Acetone-glycerine, which has
only one free hydroxyl, does not, in a gcneral way, behave unlike the pattern
described; there is, however, a tcndency to yleld higher levels for Qg as

compared with the glycol group, particularly when tested with Ps, aeruginusa,
This never yields results higher than those obtained with the alpha methyl
glycerol, however, In any case, it is not unlikely that we have here a

very slight splitting of the compoun.i during the experiment; on the other
hand, it is significant that this molccule shows a very difforent pattern
from those of the simple esters and cthers already considered,

These are the general obscirvations to be made on the basis of our
experiments. As for the comparative behavior of the several species, there
are obvicusly major variations, even with the best substrata employed, as -
a result of the special requirements of the germ, In this way, we have the
lively respiration of the less denanding germs (B, vulgare, E, coli, Ps,
acruginosa, and S, marescens), as compared with the really demanding germs
such as Diplococcus pneumoniae and Staph. albus; these species give the .
lowest values (pneumococcus, in our cxperiments, and under our conditions, |
failed to attack any of the substrata used), The same thing happened with
the two species of Acetobacter, which generally showed a very low respiratory
activity, even under experimental conditions specially chosen for these :
species, and including a pH raised to 6. The almost zero response we found -
with pneunococei on our substrata bear out the anaercbic experiments with -
the same germs conducted in 1939 Ly Jdrg, in which he used other substrata
in addition to ours. In connection with Acetobacter, it is worthy of note ~
that one of the species we used produced considerable oxidization of the
alpha metayl ether of glycol, but was totally inert in relation to the

other substrata, Acet. x;linium, on the other hand, showed practically
+he same effect on glycerine and on its alpha phosphate.

In the literature, I. St. Neuberg (1932) quotes data showing the
feasibility of using Acet. suboxydans to transform the alpha methyl ether .-
of glycerol into the monomethylether of dioxyacetone, On the other hand, . .
we find a conflict between cur data and those reported earlier by Tosic, .
He reports observing oxidation of glycerol, and no oxidation of the alphs -
or beta phosphates, using Acetobacter, (We vonder if the same sp, strain
was used,) It s of course true that we are still waiting for a sound and
practicable arrangsment of Acetobacter., S O S
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